Objective To determine the association between the frequencies of pharmaceutical exposures reported to a poison control center (PCC) and those seen in the emergency department (ED). Design A statewide population-based retrospective comparison of frequencies of ED pharmaceutical poisonings with frequencies of pharmaceutical exposures reported to a regional PCC. ED poisonings, identified by International Classification of Diseases, Version 9 (ICD-9) codes, were grouped into substance categories. Using a reproducible algorithm facilitated by probabilistic linkage, codes from the PCC classification system were mapped into the same categories. A readily identifiable subset of PCC calls was selected for comparison. Measurements Correlations between frequencies of quarterly exposures by substance categories were calculated using Pearson correlation coefficients and partial correlation coefficients with adjustment for seasonality.
BACKGROUND
Over the past decade, abuse of prescription medications in the USA has become a major public health issue. While signs of this emerging epidemic were evident as early as 1999, the extent of the problem has only recently become apparent. 1 This delay is partly the result of inherent limitations of current data sources. Many national patient samples, such as the National Health Interview Survey and the National Hospital Ambulatory Medical Care Survey, have limited sample size and lack the power to provide information on local trends or specific pharmaceutical substances. 2e5 Administrative datasets from healthcare organizations and mortality records are more complete than sample-based data sources, but are limited by the timeliness of their data collection, and the specificity and accuracy of their coding systems.
6e8
When information from any of these sources becomes broadly available, public health researchers and policy makers, who rely on these data, are unavoidably responding to a situation that is at least 1 to 2 years old. A more timely, sensitive system for surveillance of pharmaceutical poisonings is needed. 2 Emergency departments (EDs) serve as the frontline medical resource in caring for patients with serious poisonings; thus, ED data reflect much of the morbidity associated with pharmaceutical poisonings. 9 ED data are recognized as a valuable source of information regarding poisonings, are used by existing surveillance systems, 4 10 11 and have the potential to be a sensitive indicator of pharmaceutical poisoning trends. However, population-based data from EDs are not available in many states and are generally not capable of tracking changes in individual drugs due to the coarseness and inconsistencies of the International Classification of Diseases, Version 9 (ICD-9)/E-code system. 2 12e14 In the USA, poison control centers (PCCs) collect data about pharmaceutical poisonings at both regional and national levels. PCCs affiliated with the American Association of Poison Control Centers (AAPCC) serve as an immediately available resource for people who have had toxic exposures and as an information resource for medical providers. 15 Since 1985, the AAPCC has been collecting exposure data from its member PCCs through the National Poison Data System (NPDS). 15 The advantages of the NPDS are that it collects data in real time and is capable of capturing data on specific substances. The NPDS has previously been used to develop automated surveillance systems to identify potential episodes of bioterrorism, food contamination, and new product hazards. 16 PCC data may be useful as the basis of a surveillance system for pharmaceutical poisonings, but the data must be shown to be related to community morbidity.
Our objective was to determine whether statelevel morbidity represented by ED visits for pharmaceutical poisonings is reflected in exposure data collected by a regional PCC. We hypothesized that the frequency of exposures to specific categories of pharmaceutical substances in the ED is correlated with calls to the regional PCC for these same categories.
METHODS
Pharmaceutical exposure data from the Utah Poison Control Center (UPCC) were compared with a Utah population-based statewide dataset of ED visits. This study was approved by the Institutional Review Board of the University of Utah.
Healthcare databases
All ED and hospital inpatient discharge records for the state of Utah from 1998 to 2005 were acquired from the Utah Health Data Committee, Office of Healthcare Statistics. In Utah, licensed emergency departments and hospitals are mandated to report discharge information to the Utah Department of Health. A dataset was created that contained all Utah ED visits by merging the ED database containing records for all visits to Utah EDs where the patient was not subsequently admitted to an inpatient facility and a hospital discharge database containing records that flagged inpatient encounters whose admission source was the ED. This combined dataset was then limited to records with an ICD-9 code for a pharmaceutical poisoning and a Utah billing zip code. Demographic information, including name, age, sex, and patient zip code, is captured as well as up to nine ICD-9 codes and one or more external cause of injury codes (E-codes).
An ED visit for a pharmaceutical poisoning was defined by the presence of an ICD-9 code indicating Poisoning by Drugs, Medicinal or Biological Substance (960e979). Illicit drugs such as heroin and methamphetamine are classified as medicinal or biologic substances in the ICD-9 coding system and were included. Poisonings defined by ICD-9 codes for non-medicinal substances (980e989) and records containing E-codes indicating an adverse effect of therapeutic use of a pharmaceutical drug or device (E930eE949) were excluded.
Poison control database
Toxic substance exposure records for the years 1998 through 2005 were obtained from the UPCC, which serves the population of Utah and adjoining regions in the Intermountain West. This study was restricted to Utah callers. The UPCC database comprises telephone calls from both laypersons and healthcare providers. The UPCC consolidates multiple telephone calls referring to the same patient exposure into one record. For each call, patient characteristics including name, age, sex, and location, and exposure details including type and quantity of substance(s), and timing of the exposure are collected. Callers with potentially serious exposures are referred to a local healthcare facility for evaluation. With each referral, the UPCC notifies the receiving medical facility, provides the clinicians with information and advice, and records the patient's outcome. Most UPCC callers are reporting toxic exposures in another person; for this paper, caller characteristics and exposures refer to the exposed person.
Substance exposure data are collected using standard methodology established by the AAPCC for the NPDS. Exposures are categorized using a two-level classification scheme implemented nationwide by member PCCs. When available, the exact pharmaceutical formulation is coded using the Thompson/Micromedex POISINDEX system. All poisonings are then assigned another less specific AAPCC code. 15 When an individual is exposed to multiple drugs, each substance is recorded as a separate exposure. For this analysis, multidrug drugs (eg, hydrocodone/acetaminophen) were recoded as an exposure to each component substance.
Category mapping
The ICD-9 codes used by the ED to document pharmaceutical poisonings do not correspond to AAPCC codes on a one-to-one basis. Therefore, we developed an algorithm-driven technique for mapping pharmaceutical codes used in the poison control dataset to ICD-9 codes used in the ED dataset. First, all ICD-9 codes representing pharmaceutical poisonings (960e979) were grouped into substance categories that generally represented four-digit ICD-9 codes. The 10 most common categories of pharmaceutical poisonings identified in the ED dataset were selected for comparison to the UPCC (table 1) . Miscellaneous categories (eg, 969.9: other unspecified psychotropic agent) were not considered for comparison.
Each AAPCC code was mapped into an ICD-9 based substance category in a stepwise fashion. First, AAPCC codes that were an exact match with an ICD-9 code (eg, 007000: benzodiazepines) were assigned to that substance category. Next, AAPCC codes that corresponded to a substance found in the ICD-9 Table of Drugs and Chemicals were assigned directly to the same substance category as the corresponding ICD-9 code.
There was a set of AAPCC codes that could not be assigned to the ICD-9 based substance categories either by direct match to an ICD-9 code or by looking up the substance in the Table of Drugs and Chemicals. In order to categorize these substances, we used a dataset of records linked by patient factors as described below (ED to UPCC). Using these records, we were able to determine how this set of AAPCC codes corresponded to ICD-9 codes in the ED dataset. To ensure that the correct substances were being compared between datasets, only ICD-9 and AAPCC codes of patients who had a single substance exposure recorded in each dataset were compared. The AAPCC code could then be assigned to the same substance category as the most commonly associated ICD-9 code. A minimum of 20 linked records was required for each assignment to guard against coding errors and occasional incorrect linkages.
The linkage of ED and UPCC patient records was performed using probabilistic linkage, a technique in which records in separate databases are determined to refer to the same person or event using variables common to both datasets. 17 Where present, the following variables were used for the linkage: last name, first name, gender, age, arrival date/call date, presenting ED/referral facility, and postal code. The linkage also utilized flags indicating the presence of a hospitalization, poisoning, or death. Since the relationship of AAPCC codes to ICD-9 codes was of interest, individual codes were not used to determine linkage.
Two toxicologists independently reviewed the codes assigned by the linkage, as well as the assignment of ICD-9 codes to the 10 most common categories of ED pharmaceutical poisonings. 
Selection of a comparison subset
A substantial fraction of callers to PCCs inquire about lowtoxicity exposures not necessitating evaluation in the ED. 15 We hypothesized that a subset of UPCC callers would better represent patients seen in the ED for pharmaceutical poisonings. In a surveillance system, this subset would be expected to better model clinically significant poisoning trends. Ideally, the patients in the subset would reflect the age and sex distribution of the ED population and retain most pharmaceutical poisoning exposures that require urgent medical evaluation. Three non-exclusive subsets of UPCC callers were created a priori for consideration: (1) patients referred for medical evaluation by the UPCC or whose calls originated from a healthcare facility (high-risk subset); (2) patients with age >12 years (adolescent/adult subset); and (3) patients coded by the UPCC as suicidal or intentionally abusing substances (intentional subset). All UPCC callers (the reference group) and each subset were compared to ED patients on the basis of sex distribution, age ranges, and exposure type. These patient features were chosen for comparison because they illustrate important differences between the poison control reference population, poison control subsets, and ED patients. For example, exposures nationally reported to poison control have a slight male preponderance, while a substantial majority of ED patients with pharmaceutical poisonings in Utah are female. 16 18 
Statistical analysis
All UPCC callers (reference group) and each of the three subsets of UPCC callers were compared to the ED patients with pharmaceutical poisonings by examining the percent in each age category (<6 years old, 6e12 years old, 13e19 years old, and 20+ years old), sex, and proportion exposed to one of the substance categories in table 1. c 2 Tests were used to evaluate categorical variables.
For each substance category, Pearson correlation coefficients were calculated between quarterly ED exposures and quarterly poison control exposures in the high-risk subset. To account for seasonal fluctuations in calls to the UPCC and visits to the ED, partial correlation coefficients, adjusted for season, were calculated for each substance category. Graphical and numeric residual diagnostics were evaluated for each model.
Over the study period, ED visits and calls to the UPCC have risen in concert. 19 20 Because relationships could be inferred solely on the basis of increased medical service utilization, a secondary analysis was performed to ensure any associations found were not due to population growth alone. Each quarterly frequency was converted into a proportion consisting of the number of exposures to an individual substance category divided by the number of exposures in all 10 substance categories from table 1. As above, each proportion from the poison control highrisk subset was compared to the ED data by quarter.
Statistical analyses were performed using SAS 9.2. 
RESULTS

From
Code mapping
Of 398 AAPCC pharmaceutical codes, 55 represented combination drugs. An exposure to one of these combinations was recoded as separate exposures to the component parts. The assignment algorithm was applied to the remaining 343 codes. Successful mapping of 234 codes (68.2%) representing 93.7% of exposures was achieved: 205 codes (59.8%) were mapped based on name similarity or by a match in the ICD-9 poisoning table; 29 codes (8.4%) were mapped via the linkage mechanism (figure 1). The remaining 109 AAPCC codes (31.8%) represented 6.3% of poison control exposures and were largely from miscellaneous categories or rare exposures such as 77160: Other Topical Antiseptic.
A total of 81 AAPCC codes were mapped into the substance categories listed in table 1: 23 (28.4%) were assigned by name similarity, 47 (58.0%) were assigned by ICD-9 poisoning tables, and 11 (13.6%) were assigned based on the linkage ( figure 1 ; also see Appendix A, available as an online data supplement at www.jamia.org/). On review of the linkage assigned codes, there was no disagreement between the two toxicologists. In each instance, the category assignment based on the linkage was felt to be the best possible selection.
Poison control subset selection
A total of 134 175 UPCC calls comprised the reference group: 35 361 (26.4%) were in the high-risk subset; 43 067 (32.1%) were in the adolescent/adult subset; and 19 651 (14.7%) were in the intentional subset. Of the reference group, 78 764 (58.7%) callers did not belong to any subset. Over 99% of the exposures to callers not included in a subset resulted in no effects or minimal effects, or were judged by the UPCC to be non-toxic.
We compared the distributions of age, sex, and proportion of exposures to the commonly identified ED substance categories (table 1) between ED patients, all UPCC callers, and three subsets of UPCC callers (table 2) . UPCC callers were more frequently under 13 years old than ED patients (65%, 15% respectively). Age distributions for the high-risk and intentional subsets were more similar to ED visits, with 30% and 2% of callers under 13 years old. The adolescent/adult subset did not contain children under 13 years old by definition. The gender distributions of all UPCC callers and the three subsets were similar to the ED patients. Pharmaceutical exposures reported by the three subsets of UPCC callers were more similar to exposures of the ED patients than exposures reported by the all callers group.
Because no caller subset was clearly superior to the others in terms of demographic or exposure similarity to the ED patients, the high-risk caller subset was chosen for comparison to the ED dataset. This choice allowed the inclusion of pediatric poisonings while eliminating most callers with non-toxic or low-risk exposures. While the intentional subset also tended to have exposures to substances frequently seen in the ED, it was smaller than the other two groups and would have resulted in substantively less data for analysis. Table 3 displays the Pearson correlation coefficients for the comparison of quarterly frequency of poison control exposures to ED exposures by substance category. All categories except salicylates had statistically significant correlations. In figure 2 , the scatter plots of quarterly PCC exposures are compared with quarterly ED exposures among high-risk callers. Coefficients adjusted for the effect of season on the frequency of exposures were calculated using partial correlation coefficients (r p ). Significant associations (p<0.001) were seen for all substances except salicylates (r p ¼0.292, p¼0.290). Three substance categories, opiates (r p ¼0.929), benzodiazepines (r p ¼0.895), and muscle relaxants (r p ¼0.827) were strongly associated in the two datasets. Antidepressants, aromatic analgesics, stimulants, NSAIDs, antiallergics and antiemetics, and anticonvulsants showed moderate associations (r p ¼0.608e0.716). Residual diagnostics including residuals over time provided no evidence of heteroscedasticity, non-normality, or time dependence.
Correlation of exposures between ED and UPCC
In order to account for the concurrent increase in PCC calls and ED visits over time, each substance category was considered as a proportion of the total exposures to the substances listed in table 1.The association between the UPCC and ED proportional exposures remained significant for all substance categories except anticonvulsants (table 4) .
DISCUSSION
In this study, a subset of callers to a regional PCC reflected community pharmaceutical poisoning morbidity as measured by ED visits. Pharmaceutical exposures from an easily identifiable subset of poison control callers were significantly associated with the frequency of poisonings by these same drugs in patients treated in the ED. Significant associations in the frequency of exposures between the UPCC and the ED existed for nine of the top 10 types of drugs responsible for ED visits due to poisoning. Our results suggest that PCC exposure data can be used to construct a real-time pharmaceutical poisoning surveillance system. Poison control data are attractive as a potential surveillance system due to the large volume of available data and the timeliness of the collection system. The use of trained poison information specialists to document calls presents an opportunity for high specificity and granularity within the data. However, the utility of the NPDS has been questioned because of perceived data limitations.
Previous research examining the relationship of PCC data to community data suggests that poison control exposure records do not correlate well with other indicators of pharmaceutical poisonings.
12 21e23 However, unlike our study, prior studies only examined fatal poisonings. Surveillance of pharmaceutical poisonings using only death registries may misrepresent community morbidity, since only a small fraction of poisoning patients die from their exposure. Surveillance using death registries alone also shifts the focus away from substances that contribute substantially to the morbidity of poisoning but are rarely fatal.
In contrast, we found that a selection of UPCC data reflected ED morbidity for the most common pharmaceutical poisonings. We found significant associations between nine of the 10 substance categories examined. One of these categories, opiates, has been largely responsible for the increase in fatalities from prescription drug abuse. 24 In our analysis, a strong positive association was seen in the frequency of poisonings from opiates between the PCC and the ED. Exposures from another drug category prone to abuse, benzodiazepines, 25 were also strongly correlated. The only category not to display significant correlation was salicylates. This category did not undergo a large change in the frequency of exposures and therefore may not have contained enough variability for statistical detection.
One concern of using PCC data for surveillance is that the high volume of low-toxicity, low-morbidity calls 15 could influence a surveillance system's ability to detect clinically important poisoning trends. To screen out these calls, we explored three UPCC caller subsets. The UPCC caller subset that was referred for medical evaluation provided both similar demographic and exposure characteristics to the ED patients and enough data for a substance category comparison on a statewide basis. This 'high-risk' group was readily identified from the UPCC data fields; thus, this group's exposure information could be easily selected for use in a surveillance system.
One advantage of PCC data is their potential sensitivity to regional trends. Existing sample-based datasets, such as the National Hospital Ambulatory Medical Care Survey and National Health Interview Survey, could be used to examine poisoning trends over time. 2e4 26 However, these systems cannot detect regional changes or changes within individual categories of substances. Much of the responsibility for developing public health policy and legislation to prevent poisonings is at the state and local levels making these systems less helpful. The problem of prescription drug abuse varies widely between states and regions. 27 28 A system capable of identifying regional trends would have key advantages in influencing policy. In our study, we were able to show that associations can be made for individual substance categories in a state with a population of 2.2 million people. 29 As of 2006, the entire population of the USA is served by regional PCCs submitting data to the NPDS, 15 making this a potentially comprehensive surveillance system for the USA.
According to the Centers for Disease Control and Prevention's Framework for Program Evaluation in Public Health, there are nine key attributes to be considered when evaluating a surveillance system: simplicity, flexibility, data quality, acceptability, sensitivity, positive predictive value, representativeness, timeliness, and stability. 30 PCC exposure data have inherent advantages over current sample-based and administrative systems in terms of three of these attributes: timeliness, flexibility, and acceptability. While the system is complex due to its nationwide scope and mission, its fundamental structure and function are easily understandable. To date, most questions about using the NPDS for pharmaceutical poisoning surveillance have centered on concerns about sensitivity, positive predictive value, and representativeness. Our study makes a significant contribution toward addressing these issues.
Limitations and strengths
There are several limitations to this study. The primary limitation was the low granularity and lack of specificity of the ICD-9 coding system for pharmaceutical exposures. Approximately 12.6% of ED visits were coded as 'unspecified poisoning.' These visits likely contained some exposures that could have been included in our substance categories. While the poor specificity of the ICD-9 coding system was the primary limiting factor in the granularity of our analysis, limitations of the AAPCC coding schema also exist. Unlike the ICD-9 system, the AAPCC coding schema has not been widely validated. While the poison control data have the advantage that exposures can be classified very finely using POISINDEX codes (Thompson/Micromedex), many exposures are recorded using the more generic AAPCC codes. These generic codes are not uniformly based on ingredient-level data and often represent entire classes of medications; as a result, some information available to the PCC specialist is lost. To be used effectively as part of a surveillance system, the AAPCC coding system would need to permit ingredient-level coding for substances, even when the manufacturer and formulation are unknown. Ideally, PCCs and EDs would code exposures based on a multilevel pharmaceutical taxonomy that permits use of granular ingredientlevel data when available but is capable of accepting less granular information as needed. To minimize the loss of information in this process and promote data comparisons, a robust pharmaceutical ontology linked to a national medication standard such as RxNorm would be the most effective. 31 We attempted to overcome some of these limitations by using an assignment algorithm augmented with information gained from a probabilistically linked dataset. While the majority of AAPCC codes were assigned using name similarity and ICD-9 poisoning tables, a small percentage of AAPCC codes required information from linkage. Despite the advantages of this technique, in some cases AAPCC codes and ICD-9 codes represented imperfectly overlapping sets of drugs, and some misclassification may have occurred. Another potential limitation is that substance categories which have stable underlying community poisoning rates would be expected to have inadequate variability to detect an association using our analysis technique. While this problem is a limitation of our study, it should not limit the ability of a surveillance system to detect significant changes in exposure frequency.
These data represent only one state which potentially limits generalizability. Most poison control centers have adopted a uniform software system for assisting with the classification of poisonings; however, regional differences in PCC coding practices may exist. 32 Any surveillance system developed would need to keep these possible regional differences in mind.
Finally, fatalities are likely under-represented in these data. While there is substantial overlap between substances causing morbidity and substances causing mortality, there are also significant differences. A surveillance system that combines both morbidity and mortality data would be stronger.
Strengths of this study include the utilization of populationbased statewide datasets to compare pharmaceutical poisonings between a regional PCC and EDs. This is the first populationbased study to evaluate the association between emergency department exposures and calls to a PCC. Our ability to detect significant associations at the state level suggests the feasibility of regional substance-specific trending.
Second, we developed an empirical system for mapping AAPCC codes to ICD-9 codes in which difficult-to-assign codes were resolved using probabilistic linkage and a defined algorithm. By including in our analysis the 10 most common exposures seen in the ED instead of an individually selected set of substances, we evaluated a representative picture of clinically important poisonings.
Finally, we identified a subset of poison control callers that would be potentially useful in the construction of a surveillance system by excluding many exposures that rarely contribute to community morbidity.
CONCLUSION
In this study, we have shown that a select subset of poison control center data is able to effectively identify trends in poisonings seen in emergency departments. This suggests that poison control center exposure data may be useful as part of a pharmaceutical poisoning surveillance system.
